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(54) Diffused light reflectance readhead 

(57) A diffused light reflectance readhead is dis- 
closed. The readhead employs an impfoved light emit- 
ting diode (LED) (12) providing a more strongly 
collimated beam (1 3) of light around a beam axis onto a 
reagent test pad (14). The reagent test pad is supported 
on a sti'ip guide (18) at an angle a of 5 degrees with 
respect to tiie perpendicular of the beam axis. It has 
been discovered that when a is between 3 and 8 
degrees tiiat specular reflection is dramatically reduced 
in relation to the small reduction in reflected light 
received hy a sensor (24). The diffuse reflected light 
travels to the sensor (24) by passing through a staircase 
optical baffle (26) at an angle of 45 degrees to the per- 
pendicular of the beam axis. The sensor converts the 
optical signal into an electrical one for processing and 
analysis. One emixxJiment of the present invention can 
detect the presence of glucose in a blood sample. 
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Description 

Held Of The Invention 

The present invention generally relates to the field s 
of medical diagnostic equipment used in clinical chem- 
istry. More particularly, the present invention relates to a 
improved diffused light reflectance readhead used as 
part of a visual imaging system for detecting analytes 
present in other sut)stances, such as glucose in tslood, 10 
on a reagent test strip. 

Background Of The Invention 

Reagent test strips are widely used in clinical 
chemistry A reagent test strip usually has one or more 
test areas (pads), and each pad Is capable of undergo- 
ing a color change in response to contact with an ana- 
lyte in a liquid specimen. The liquid specimen Is reacted 
with a pad on the reagent strip in order to ascertain the 
presence of one or more analytes, i.e.. constituents or 
properties of interest, in the liquid ^edmen. The pres- 
ence and concentrations of these analytes in the speci- 
men are indicated by a color change in the pads of the 
test str^ when reacted with the analyte. Diffuse light 
reflected off of the reacted reagent test strip is analyzed 
to determine the amount of color change. Usually, this 
analysis involves a color comparison between the 
reacted test pad and a color standard or scale. In this 
way, reagent test strips assist medical personnel in 
diagnosing the existence of diseases and other health 
problems. 

An example of a reagent test strip suitable for use 
with the present invention is the Glucometer Encore® - 
Blood GHucose Test Strips sold by Bayer Corporation, 
Diagnostics Division, of Elkhart. Indiana 46515. 

Reflected light comparisons made with the naked 
eye can lead to imprecise measurement. Today, reagent 
strip reading instruments exist that employ reflectance 
photometry for reading test strip changes. Some rea- 
gent str^ reading instruments have readheads that con- 
tain light emitting diodes (LEDs) for illuminating reagent 
pads. Some of the light from the LED is reflected off of 
each pad while some is absorbed in such a way to indi- 
cate the color change of the pad due to its reaction with 
the sut)stance of interest, such as glucose. The diffuse 
reflected light, i.e.. the color-changed light, is detected 
by a sensor which converts the light into electronic sig- 
nals for processing. 

It has been found that present light emitting diodes 
(LEDs) are not ideal for use in readheads because the 
beam of light they produce is not very well collimated. A 
significant percentage of the diffused light produced by 
present LEDs tends to become stray light that must be 
filtered out 

Some prior art inventions have tried to address the 
problem of stray light being emitted from tiie LED. One 
approach has been to encapsulate the sides of the LED 
witii a light absorbing material. An example of a device 



with such encapsulation is U.S. Patent No. 5.122.943 by 
Pugh. This approach results in an LED that absort>s a 
portion of the light it generates in the encapsulation 
material. 

it would be desirable to have an LED adapted for 
use in a readhead such tiiat less stray tight is produced 
that requires filtering. Moreover, it would be even more 
desirable to collimate more of the fight that would otiier- 
wise become stray light in order to inaease tiie signal 
and efficiency of the readhead. 

However, even when fight Is fairiy well collimated 
the problem of specular reflection effectively raises the 
level of "noise" in the light signal received by the sensor. 
Specular reflection of light is analogous to light lx)unc- 
ing off of a min-or wherein tiie overall color of the 
reflected light is not signif icantiy changed. Thus, specu- 
lar reflection works against sensing a color change of a 
pad on the reagent stripi It would be desirable to 
decrease the specular reflection of light received by the 
fight sensor in order to provide a better signal-to-noise 
ratio. 

Because stray light makes sensing the color 
change of a pad more difficult and less accurate, vari- 
ous optical baffles have been employed to filter some of 
tiie stray light For exanple, a spiral threaded aperture 
has been used to reduce stray light Only light coming 
from a narrow field of view can travel through the 
threaded aperture to the sensor, thus stray light is 
reduced. However, threaded apertures can be costiy to 
form because they require extra manufacturing steps. 
One way the tiireaded aperture is formed is by embed- 
ding a screw-like element into the plastic as it is being 
mokJed. When ttie plastic has cooled tiie screw-like ele- 
ment is unscrewed in order to leave a corresponding 
threaded aperture. Another threaded aperture draw- 
back is tiiat tiireaded apertures tend to have smaller 
diameters which reduce the total amount of light 
received by the sensor, which in turn impacts the sen- 
sor's accuracy- Thus, it would be desirable to have an 
optical baffle that reduces sft-ay light, but is less expen- 
sive and easier to fabricate. Furthermore, it is desirable 
to have an optical baffle tiiat increases the amount of 
desirable light received by the sensor. 

Summarv of the Invention 

The present invention is an apparatus and method 
for providing improved detection of analytes reacted 
with reagent test pads. One embodiment of the present 
invention provides an improved diffused light reflect- 
ance readhead used in a neonatal station as part of a 
visual imaging system used to detect glucose in blood 
samples. The visual imaging system analyzes a color 
change assodated with one or more test pad areas on 
a reagent test strip following contact thereof with liquid 
specimen, for example, blood or urine, in order to detect 
analytes such as glucose, protein, blood, ketones, 
bifirubin, urobilinogen, niti-ite. cholesterol, etc. Light 
reflected off of the reagent strip is converted into electri- 
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cal signals that can be analyzed with diagnostic equip- 
ment. More specifically, one embodiment of the present 
invention employs a new light emitting diode (LED) opti- 
mized for use with a readhead. The LED's geometry has 
been redesigned to increase the production of colli- 
mated light The length between a light emitting semi- 
conductor and a curved outer surface of the LED has 
been increased to more nearly bring the light emitting 
semiconductor to a focal point of the curved outer LED 
surface. Repositioning the light emitting semicorxJuctor 
in this way has the effect of much wore strongly coili- 
mating the emitted light, thereby reducing unwanted 
stray light while increasing the desirable illumination of a 
given reagent test pad. The present design of the LED 
has the effect of improving the signal-to-noise ratio of 
the light received by the sensor. 

The reagent test strip itself is placed against a sup- 
porting surface. The surface has been tilted 5 degrees 
away from a plane perpendicular to the axis of the colli- 
mated beam and away from the sensor. The small 5 
degree tilt has the unexpectedly large effect of reducing 
specular reflection to the sensor by approximately a fac- 
tor of 3, dramatically increasing the signal-to-noise ratio 
to the sensor. 

To further enhance the sensor's reception of diffuse 
reflected (color changed) light a series of steps in an 
aperture creating a staircase optical baffle is employed 
on only one side of an aperture permitting reflected light 
to encounter the sensor. It has been discovered that 
most of the undesirable light entered the baffle aperture 
from tiie side nearest tiie LED. where steps are now 
positioned, thus eliminating most of tiie undesirat>le 
light The staircase baffle reduces stray light while 
allowing the rest of the aperture to be larger, tiius allow- 
ing more diffuse reflected light to reach the sensor. The 
other sides of the staircase optical baffle are accord- 
ingly less nKXlified so the baffle is easier to manufac- 
turer in this way as well. Therefore, the staircase baffle 
is tx)th easier and less costly to manufacture. 

Reflected light received by a sensor is converted 
into electrical signals for processing. Analysis of ttie 
electronic signals is performed to determine the pres- 
ence of glucose in blood. The present invention pro- 
vides improved cost, manufacturing and performance 
advantages over current systems. 

Brief Description Of The Drawing 

Other aspects and advantages of the invention will 
become apparent upon reading the following detailed 
description and upon reference to the accornpanying 
drawings, in which: 

FIG. 1 is a block diagram overview of a diffused 
light reflectance readhead according to one embod- 
iment of the present invention. 
FIG. 2 is a top view of a diffused light reflectance 
readhead according to one embodiment of the 
preserit invention. 



FIG. 3 is a bottom plan view of a diffused light 
reflectance readhead according to one emtxxli- 
ment of the present invention. 
FIG. 4 is a isometric plan view of a diffused light 
5 reflectance readhead according to one embodi- 
* ment of the present invention. 

Detailed Description Of The Preferred Embodiments 

10 While the invention is susceptible to various modifi- 
cations and alternative forms, a number of specific 
embodiments thereof have been shown by way of 
example in the drawings and will be descrit>ed in detail 
herein. It should be understood, however, that this is not 

IS intended to limit the invention to ttie particular forms dis- 
closed. On the contrary, tiie intention is to cover all mod- 
ifications, equivalents and alternatives falling within tiie 
spirit and scope of tiie invention as defined by the 
appended claims. 

20 One embodiment of the present invention is used in 
an neonatal medical diagnostic instrument to measure 
diffused light reflected from reagent paper that has been 
reacted with spedmen containing an analyte, such as 
t)lood containing glucose. 

25 In Rgures 1 - 4, a diffused light reflectance read- 
head 10 is designed with one or more improved light 
emitting diodes (LEDs) 12 to reflect light 13 off of a rea- 
gent test pad reacted with an analyte 14. The LEDs 12 
are pulsed on and off using a constant-current pulsed 

30 direct current (DC) power supply (not shown). Pulsing 
the LEDs 12 minimizes heating as well as associated 
light 13 intensity and wavelength variation. 

It has been discovered that collimated light is desir- 
able for analysis purposes, while uncollimated light is 

35 not desirable because it tends to produce stray light. 
Furtiiermore. it was also discovered that the LED's 12 
curved outer surface in its epoxy casing acts as a lens 
to some degree. The present invention takes advantage 
of the lensing effect by relocating a light emitting semi- 

40 conductor die 15 (also commonly known as a "chip") 
inside the LED 12 to a position approximately at the 
focal point of the curved outer surface. Computer mod- 
eling and experimental results were used to obtain an 
optimum tip-to-die distance (A,) of 0.170 ±0.01 inch for 

45 this configuration. Note that other distances for X can be 
used but are not considered optimal. 

The present invention reduces the light's 13 result- 
ant illumination spot size on the reagent strip 14. A sig- 
nificant portion of the spot sire is less than 0.1 00 inch in 

50 diameter at a distance of 0,150 inch beyond ttie read- 
head surface. Because the spot sire is reduced tiie 
need for a focusing lens is eliminated, ttius saving its 
cost. 

Another advantage of tiie present LED 1 2 design is 
55 tiiat it decreases the readhead's sensitivity to mechani- 
cal vibrations and die 1 5 centering errors. A standard T1 
LED, for example, has a die-to-tip distance {X) of about 
0.100 inch. As 7l is increased to approach tiie focal point 
of the standard T1 LED ttie light 1 3 out from ttie stand- 
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ard LED becomes more cx)Illmated, This tends to pro- 
duce a smaller spot for an equivalent aperture size. The 
smaller spot sire and increased collimation has the 
advantage of making the readhead less sensitive to 
positioning of the die 1 5 within the LEDs 1 2. Thus, if the 5 
LEDs' 12 die 15 is not placed at the center of the LEDs 
12. the output spot position will be shifted a smaller 
amount in proportion to the die 15 centering error. 

Other factors were considered in the design of the 
LEDs 12. Each LED 12 and each illumination aperture 
1 6 associated with that LED 1 2 must illuminate a spot of 
the proper sire and intensity. The significant portion of 
the spot sire should be less than the pad sire to reduce 
generation of stray light Generally, greater intensity is 
desirable because signal strength is increased. Further- 
more, the LEDs 12 have their sides coated with a light 
absorbing material to further reduce stray light as is 
known in the arts. TTie total effect is approximately a 
200-300 percent signal improvement over prior LEDs 
used in readheads. 

Ught 1 3 from the LEDs 12 travel through the illumi- 
nation apertures 16 to the reagent pad 14 on a reagent 
test strip guide 18. It is known to have the strip guide 18 
hold the reagent strip 14 perpendicular to the axis of tiie 
collimated light 1 3 emitted from the LED 1 2. Note that in 
Figure 1 a defines the angle between a perpendicular 
plane 20 that is perpendicular to the axis of the colli- 
mated beam and a guide plane 22 that is parallel to the 
orientation of the strip guide 18, which is zero degrees 
in the prior €irt. It has been found that tilting the strip 
guide 18 with the assodated reagent pad 14 in a direc- 
tion away from a light sensor 24 by only 5 degrees, i.e., 
a is equal to 5 degrees, produced the unexpected ben- 
efit of reducing specular reflection received by the sen- 
sor 24 by approximately a factor of three. It was 
unexpected tiiat such a small change In angle a would 
produce such a large decrease in specular reflection. 
Furthermore, the large reduction of specular reflection 
enabled tiie LEDs 12 and the light sensor 24 to be 
located in closer proximity to one anotiier than currentiy 
possit^le, thereby reducing tiie sire of the reflectance 
photometer. In one embodiment the sample to detector 
distance is approximately 0.4 inch, which is one half of 
some current readheads, thus providing an increase in 
signal by about a factor of 4. Moreover, the reductnn in 
spectral reflection enabled tiie viewing area of the light 
sensor 24 to be opened up, engendering significant 
improvements in the readhead's 10 sensitivity to varia- 
tions in reagent st-ip 14 height variations. 

The optimal range of angle a has been found to 
approximately range between 3 degrees and 8 degrees 
for reagent test strips 14 reacted with blood containing 
glucose, however, ttie range should be similar for ottier 
analytes as well. When angle a becomes less than 3 
degrees the reduction in specular reflection becomes 
relatively small. Conversely, when angle a becomes 
greater than 8 degrees tiien desirable diffuse color 
reflection is reduced, along with undesirable specular 
reflection, to the point that significant signal loss begins 



to occur. Note that if a is less than 3 degrees or greater 
than 8 degrees ttie readhead 10 will still perform, how- 
ever, not optimally. 

In Figure 1. after light 13 from the LEDs 12 is 
reflected off of the reagent pad 14 it passes through a 
staircase baffle 26 at an angle p of approximately 45 
degrees to the perpendicular plane 20 before reaching 
tiie sensor 24. As shown in FIGS.1. 2 and 4. tiie stair- 
case baffle 26 has a series of steps 28 primarily on one 
side. In one &nbodimertt each step's top side 30 and 
vertical side 32 (botti steps 28 and sides 30,32 are rep- 
resentatively marked), are approximately of equal 
length and positioned at a 90 degree angle to each 
other. It has been found that the length of each step side 
30.32 works best to eliminate sti^ay light and pass desir- 
able diffuse reflected light 13 when sired between 0.010 
inch and 0.030 inch. Furthernx)re. step 28 size is prac- 
tically limited to something smaller than would extend 
into the LEDs 1 2 or the illumination apertures 1 6. In one 
embodiment ttie length of each step side 30.32 was 
chosen to be 0.020 inch. The numtjer of steps 28 is not 
fixed but desiraWy there are a sufficient number of steps 
28 to extend tiie entire length of the staircase baffle 26. 
The total length of the staircase t>affle 26 is a function of 
geometry. Manufacturing limitations set a minimum sep- 
aration distance between tiie LEDs 1 2 and the light sen- 
sor 24. Knowing the minimum separation distance and 
the distance from the LEDs 12 to the reagent test pad 
14 along with the fact that the steps 28 are at an angle 
p of 45 degrees allows a simple calculation of the dis- 
tance the steps 28 must cover. Thus, in one mbodi- 
ment there are 7 individual steps 28 as illustrated in 
Figures 1 . 2 and 4. 

The steps 28 are positioned on a side of staircase 
baffle 26 closest to the LEDs 12. TTtis is because it has 
been found tiiat most of tiie stray light enters an aper- 
ture leading to the sensor 24 on tiie dose skie and that 
having the steps there filters out most of stray light 

A key advantage to the use of steps 28 for the stair- 
case t>aff le 26 is the ease in manufacture over the prior 
art. Steps 28 can easy be formed from a moid while 
prior art tiireads are not so easily formed in the read- 
head 10 material. 

Once reflected light 13 passes tiirough the stair- 
case baffle 26 it reaches the light sensor 24. Note tiiat 
no bBnsfer optics are required between the reagent pad 
1 4 and tiie sensor 24 because of ttie design advantages 
of the present invention. 

Devices that can be employed as the sensor 24 
include charge coupled devices (CCDs), photocells and 
photodiodes. In one embodiment of the present inven- 
tion a OPT101W-R sensor from Bun--Brown. Interna- 
tional Airport Indusfrial ParK 6730 Soutti Tucson Blvd., 
Tucson. Arizona 85706. is employed as tiie light sensor 
24. The sensor 24 has an electrical response that is 
proportional to tfie reflected light 13 received. Tiie elec- 
trical response is interpreted by processing electi-onics 
(not shown). The processing electronics convert the 
analog electrical response of the sensor 24 into digital 



IS 



20 



25 



30 



35 



40 



45 



SO 



4 



EP 0 762 110 A1 



data. The processing electronics also include a micro- 
processor (not shown) which stores and utilizes the dig- 
ital data to calculate contrast variations indicated by the 
sensor 24. In one embodiment, the change in color Is 
used to determine a concentration of glucose in a blood 5 
sample. 

Thus, there has been described herein a diffused 
light reflectance readhead 10. 

Many modifications and variations of the invention 
as hereinbefore set forth can be made without departing 10 
from the spirit and scope thereof and therefore only 
such limitations should be imposed as are indicated by 
the appended claima 

Claims IS 

1. A diffused light reflectance readhead for detecting 
diffuse light reflected off of a reagent test pad 
reacted with an analyte. comprising: 

20 

a light emitting diode having some curved sur- 
face, said light emitting diode containing a light 
emitting device positioned substantially near a 
focal point of said curved surface, said light 
emitting device capable of transmitting light 25 
along a beam axis onto said reagent test pad 
for illurranating said reagent test pad; 
supporting means for supporting said reagent 
test pad in a temporarily fixed position with 
respect to said beam axis; so 
optical detector means for receiving and 
detecting said light reflected off of said reagent 
test pad. said optical detector means convert- 
ing said light into corresponding electrical sig- 
nals; and 35 
interpretation means for interpreting said corre- 
sponding electrical signals to detect the pres- 
ence of a suk)stance of interest in an analyte. 

2. The diffused fight reflectance readhead of daim 1 40 
wherein said light emitting element is positioned 
approximately between 0.16 inch and 0.18 inch 
from said curved surfoce. 

3. The diffused light reflectance readhead of daim 2 45 
wherein said light emitting element is positioned 
approximately 0.17 inch from said curved surface. 

4. The diffused light reflectance readhead of claim 1 
wherein said readhead detects the presence of an so 
analyte when a reagent test pad is reacted with a 
sample of body fluid. 
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FIG 4 
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